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Short Communication
Direct evidence for the single cell origin of mouse liver cell
tumours
E.D. Williams, K.A. Wareham & S. Howell
Department ofPathology, Welsh National School ofMedicine, Heath Park, Cardiff CF4 4XN
We have determined the clonal origin of mouse
liver tumours using the direct cytochemical
demonstration of an x linked enzyme. Sparse fur
(SpF) mice possess an abnormal form of the x
linked enzyme ornithine carbamoyl transferase
(OCT) (DeMars et al., 1976). We have shown that
the normal enzyme can be demonstrated
histochemically by a technique which does not
show the abnormal form (Wareham et al., 1983).
OCT histochemistry of liver sections from
heterozygous female Spf mice demonstrates a
mosaic pattern of postive and negative hepatocytes
(Figure 1); normal mice show positivity in all
hepatocytes with a periportal to centrilobular
gradient.
Liver cell tumours were induced in 39
heterozygous Spf mice by the administration of
sodium phenobarbitone (1000 ppm) in the drinking
water from weaning up to 2 weeks before death.
Eighteen of these animals had also been given a
single injection of 100 jug of n-nitroso-diethylamine
at 15 days of age. The mice were killed after 7-15
months of treatment; parallel blocks of liver were
studied by a modification (Wareham et al., 1983) of
the Mizutani histochemical technique for OCT
(Mizutani, 1968), with appropriate controls, and by
conventional histology. When the animals were
killed, no differences were noted between the
histochemical findings in the non-tumorous
portions of the liver and in controls.
One hundred and ninety-one liver cell
proliferative lesions were identified, ranging from
microscopic lesions to tumours occupying most of
one lobe of the liver. The morphology of these in
routine preparations was similar to that described
by previous authors (Butler & Newberne, 1975;
Butler & Hempsall, 1978; Ward & Vlahakis, 1978).
We have not attempted to separate these lesions
into nodules, pre-neoplastic lesions, adenomas or
carcinomas, but have regarded them all as tumours.
We have, however, subdivided the tumours into
those composed of solid cords of cells (Type A) and
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those with areas of papillary, glandular, or tubular
growth (Type B) (Walker et al., 1973). The tumours
induced by N-nitroso-diethylamine and pheno-
barbitone occurred after a shorter latent period
than those following phenobarbitone alone,
but were of similar morphology, and showed similar
histochemical findings.
On histochemistry, the majority of tumours
showed a clearly defined enzyme phenotype. Eighty-
five tumours (45%) were uniformly negative-all
tumour cells in 2 sections being devoid of any
demonstrable enzyme activity (Figure 2). Eighty-one
of these were of Type A and four of Type B.
Forty-six tumours (24%) were uniformly positive,
all tumour cells in 2 sections containing
demonstrable enzyme activity (Figure 3). Forty-
three of these were Type A and 3 Type B. Fifty-one
tumours (27%) were classified as "variably
positive"; in these the majority of cells showed
varying positivity, ranging from strongly to weakly
positive, a small number of cells scattered through
the tumour were negative. Forty-four of these were
Type A, and 7 Type B. In 9 tumours (4.7%),
positive and negative cells occurred in separate
groups, without a clear gradient of activity. These
tumours tended to be large, they were designated as
"mixed"; 8 were Type A and 1 Type B.
If all the tumours were monoclonal, we would
expect - 50% to be negative, and - 50% positive.
We have shown in a separate experiment that liver
tumours in normal mice show loss of OCT activity
in some tumour cells, with a pattern similar to that
seen in the variable positive tumours. Because of
this, because of the gradient between the positive
and negative cells, and because enzyme loss is a
well recognised phenomenon in rodent liver
tumours (Butler & Hempsall, 1981; Goldfarb &
Pugh, 1981), we interpret these variably positive
tumours as positive tumours with enzyme loss. The
percentage distribution of positive and negative
tumours is then 51% and 45% respectively-closely
approaching the equality expected if the great
majority of tumours were of single cell origin. The
remaining 9 tumours, mostly large and of the A
type, show a pattern compatible with a polyclonal
origin. Further studies are needed to determine
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Figure 3 A uniformly enzyme-positive tumour in a heterozygous female Spf mouse. The surrounding liver
shows relatively infrequent positive cells (upper right of f-igure) (stained for OCT x 56).
whether this small minority of tumours are truly
polyclonal or whether the grouping of negative cells
represents subclones of cells which have lost
enzyme, but have arisen in an originally positive
tumour. We suggest that the demonstration that the
great majority of these lesions are monoclonal
reinforces the view that they should be regarded as
neoplastic rather than hyperplastic in orgin.
The use of the activity of an x linked enzyme as a
marker for clonality in neoplasia has been exploited
in the past, particularly by Fialkow (1976). In the
biochemical approach he adopted, however, the
stroma is measured together with the tumour, and
allowances must be made for this. A recent study
u.singIr pLunched-out areas of frozen sections of
experimental tumours involves less need for
correction for included stroma, and concludes that
the majority of acetylaminofluorene induced pre-
neoplastic lesions in the mouse liver are probably
monoclonal in origin (Rabes et al., 1982). We have
used a direct approach to study the clonal origin of
mouse liver cell tumours, and conclude that the
great majority are derived from a single cell. We
suggest that this technique, using the histochemical
demonstration of an x linked enzyme, is a
particularly powerful tool in the study of the origins
of benign and malignant tumours.
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